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FLOWERING LOCUS T (FT) 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  
, 
 FT 
 SOC1 "  
    
" 
 LEAFY (LFY) 
 
APETALA 1 (AP1), 
 
   
   .  
 
    +
   Arabidopsis thaliana 
 
  
   

  	  

 
 "   	
  	  
   . % 	
 # 	  
 















Molecular and Physiological Analysis of Flowering
I. G. Matsoukas, A. Massiah and B. Thomas 
University of Warwick, Warwick HRI, Wellesbourne, Warwick CV35 9EF, United Kingdom
Flowering time is regulated by at least four parallel pathways
At a certain point in the plant life 
cycle annual plants undergo a major 
developmental transition and switch 
from vegetative to reproductive 
development.
Physiological and genetic analysis of 
flowering has shown that flowering 
time in most plant species is regulated 
by a combination of endogenous 
controls and environmental cues.
The autonomous and gibberellin 
pathways promote flowering in 
response to endogenous factors. The 
vernalization and photoperiod pathways 
promote flowering in response to 
environmental factors. 
Introduction
The autonomous pathway promotes 
flowering by reducing the expression of 
the FLC gene that encodes a repressor of 
flowering. 
Mutations affecting GA synthesis delay 
flowering under long and short days, but 
have their strongest effect under short 
days. 
Vernalization is the extended exposure to 
low temperatures soon after germination. 
Vernalization leads to repression of FLC 
expression.
The photoperiod pathway includes genes 
that encode proteins that specifically 
regulate flowering, are involved in the 
regulation of light signal inputs or are 
components of the circadian clock. The 
oscillator controls the output pathways, 
which activate many developmental 
processes, such as flowering.
A pathway involving carbohydrate 
metabolism related events has been 
recently been proposed to be involved in 
regulation of flowering.
FPIs promote expression of the Floral 
Meristem Identity genes, which results in 
initiation of flowering





All pathways converge at the Floral Pathway 
Integrators (FPIs)
LFY AP1
Resetting, Repression and Promotion 
phases in the plant life cycle




Vernalization pathway  Autonomous pathway Gibberellin pathwayPhotoperiod pathway 
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FCA FVE  FY    
FPA LD  FLD
AP1 APETALA 1




ELF3 EARLY FLOWERING 3
ELF4 EARLY FLOWERING 4
FCA
FLC FLOWERING LOCUS C
FLD FLOWERING LOCUS D
FPA
FRI FRIGIDA
FT FLOWERING LOCUS T
FVE
FY          
GA1




LHY LATE ELONGATED HYPOCOTYL
PHY A,B,D,E, PHYTOCHROME A,B,D,E,
SOC1 SUPRESSOR OF OVEREXPRESSION 
OF CONSTANS 1
TOC1 T1MING OF CAB EXPRESSION 1 
VRN1 VERNALIZATION 1
VRN2 VERNALIZATION 2
VIN3 VERNALIZATION INSENSITIVE 3
Molecular and genetic studies comparing 
Arabidopsis thaliana with other 
flowering plants reveal that there is 
extensive similarity between the genetic 
mechanisms controlling floral initiation. 
Photoreceptors 
GI  
